Abstract Climate change poses major challenges to agricultural systems in drought prone regions of the world especially in the areas with high poverty, lack of irrigation facilities and low productivity. Towards this it is essential to understand the climate change perceptions, adaptation practices and barriers to effective adaptation at household and community level. This paper using household surveys and focus group discussions in one of the drought prone areas of Odisha in India, explores various aspects of perception on climate change and barriers to adaptation. It also analyses the accuracy of perceptions based on rainfall data from nearest meteorological stations. The study reinforces the argument by earlier studies that the perception by people simply cannot be wrong because they may have a just a low correlation with underlying meteorological data. Results suggest that farmers increasingly perceive the changes in the rainfall and temperature patterns. However, when compared with the trend in actual rainfall data, perceptions on rainfall are found to more closely align with the results from the nearest station as compared to the station farther from it. Analysis revealed that seasonal rainfall variability has a profound influence on the farmers' perceptions on climate change and drought in the study region. Farmers' are still dependent on the traditional forecasting system because of the lack of access to modern climate forecasting and tailored information for agricultural practice. Although farmers in the study region are already adapting to the changing climate, the study finds that while lack of access to water and irrigation, information on climate change adaptation and early warning systems are major barriers to adaptation at the household level lack of government intervention, lack of knowledge on drought resistant crops and varieties and lack of renovation of water bodies and irrigation were mentioned as the major barriers at the community level. Findings from the paper argue for better adaptation planning at the local level incorporating local level perceptions and barriers to adaptation. 
Introduction
India is a large developing country with a projected population to grow to as much as 1.7 billion by 2050 (World Bank 2012) . Agriculture and allied activities contribute nearly 14 % of India's total Gross Domestic Product (GDP) and creates employment for over 54 % of the workforce in India (Economic Survey of India 2013 . Agricultural production in the country is strongly influenced by the movement of South-West monsoon as about 60 % of the cultivated area as rain-fed and almost 70 % of the rainfall is received during June-September. Any negative variation in rainfall raises the risk of droughts resulting in loss of income and agricultural production for millions of farmers. In the recent past, out of 526 meteorological districts, 215 districts (41 %) received excess/normal rainfall and the remaining 311 districts (59 %) received deficient/scanty rainfall during the season, which reflected adversely on the overall production of Kharif crops, especially, rice and the coarse grains (NATCOM 2012) . The frequency of droughts has been increasing over time: there were six droughts between 1900 and 1950 compared to 12 in the following 50 years, and 3 droughts have already occurred since the beginning of the 21st century (World Bank 2008) . Further, climate change is likely to alter the monsoon pattern and increase the uncertainty as the mean intensity and variability of monsoon in general is expected to increase (Ashrit et al. 2001; Chung and Ramanathan 2006; Kumar et al. 2006) . There has been a reduction in the total rainfall during the June-September period and also the distribution of monsoon rainfall has become more severe (Ramanathan et al. 2005; Dash et al. 2007 Dash et al. , 2009 ) and severity of hydrological droughts in various parts of India is likely to increase in the coming decade (NATCOM 2004) . Climate change is also likely to affect the production of major crops in India for example, study by Ray et al. (2015) finds that 25-30 % of the yield variability in rice production was explained by climate variability in India. Further, a 1°i ncrease in temperature may reduce yield of wheat, soybean, mustard, potato, and groundnut by 3-7 % in India (Aggarwal 2009). The productivity of irrigated rice is likely to reduce by 4 % in most of the areas in the Western Ghats region of India and in case of rain fed rice; all areas in the region are likely to lose yields by up to 10 % (INCCA 2010) .
Adaptation is a key factor that will determine the future severity of climate change impacts on agriculture (Brooks and Adger 2005; Howden et al. 2007; Lobell et al. 2008) . In developing countries such as India with high level of poverty and dependence on agriculture vulnerability to climate change is higher and examining factors that give rise to greater or lesser adaptive capacity among farming households is important (Panda et al. 2013) . In that effort, studies have attempted to understand various aspects including climate perception and adaptive behavior among farmers (Below et al. 2012; Bryan et al. 2009; Deressa et al. 2011; Hassan and Nhemachena 2008) . Farmers' understanding and perception on climate change is an important factor in shaping adaptation decision in agricultural activities (Simelton et al. 2013; Bryant et al. 2000) and a growing body of literature has focused on understating farmers' perception on climate change in agriculture (Maddison 2007; West et al. 2008; Deressa et al. 2011; Banerjee 2015; Tambo and Abdoulaye 2013; Li et al. 2013) . Many of these studies from African region have provided important insights on how farmers perceive the changing climate and its impact on adaptation decision making and barriers to adaptation. For example, the study by Deressa et al. (2011) in Ethiopia find that farmers who perceived that climate is changing undertook adaptation actions and farmers who perceived and could not adapt to it cited various barriers to adaptation. Many of these studies have found a direct co-relation between perceiving decreasing rainfall and undertaking adaptation actions (Maddison 2007; Bryan et al. 2009; Mertz et al. 2009; Deressa et al. 2011; Tambo and Abdoulaye 2013) . However, studies have also found divergence between trends in meteorological data vis-à-vis their perceptions and found that perception about the climate can also be influenced by environmental changes such as drought episode or farming system sensitivity (Meze-Hausken 2004; Simelton et al. 2013) . But it has also been argued that farmers' decision on adaptation cannot be fully attributed to their perceptions about climate change. Socio-economic and institutional factors play a role in shaping adaptation actions (Li et al. 2013; Mertz et al. 2009 ). Other studies has also been conducted in South East Asia (Dang et al. 2014) , China (Li et al. 2013) , Nepal (Manandhar et al. 2011 ) often emphasizing the importance of perception of climate change among farmers.
While a lot of work has gone into examining climate change perceptions among farmers in other regions of the world such as Africa, there are very few available studies conducted in India (Vedwan and Rhoades 2001; Basannagari and Kala 2013; Banerjee 2015) . While both the works by Vedwan and Rhoades (2001) and Basannagari and Kala (2013) have examined the climate change perception in Western Himalayas, the recent work by Banerjee 2015 has been carried out in the semi-arid region in the states of Maharashtra and Andhra Pradesh. The findings from these studies indicates that farmers' are perceiving the changing climate and adapting to it through various ways such as by crop diversification and changing the land use practices. However, what these studies also highlight is the lack of concrete findings concerning the links between farmers' perception on changing climate vis-à-vis meteorological data. Although various studies have been conducted to understand the rainfall and temperature pattern, there has been no attempt so far in our knowledge to understand the perception of climate change among farmers' at the local level and validating the perceptions by comparing meteorological data in the state. Further, there also have been very few works in India to understand perceived barriers to climate change adaptation in agriculture at local level. The present study attempts to fills the gap by examining the perception among farmers in two drought prone districts in Odisha. Such an analysis, this paper suggest can be used to understand more accurately the perception on climate change, adaptation and their use in agriculture. Using data from an area that is highly vulnerable to multiple hazards, the case study in Odisha, India, however, allows examining climate change perception and barriers to adaptation. The whole analysis on farmers' perceptions was divided to understand four related categories of climate change perceptions (1) the traditional prediction systems on rainfall (2) to understand the perception on anomaly of rainfall based on traditional rainfall calendar and (3) to examine the perception on barriers to climate change adaptation at household as well as at the community level.
Study area and data
The study was conducted in the state of Odisha, in Eastern India which is an agrarian state with agriculture and animal husbandry contributing to more that 15.6 % of the Gross State Domestic Product (GSDP) in 2013-2014 at 2004-2005 prices. Agriculture provides employment directly or indirectly to 61 % of the total work force in 2011 (Odisha Economic Survey 2013 . The normal rainfall of the State is 1451.2 mm and the actual rainfall received varies across districts. Even though the quantum of rainfall is quite high, its distribution during the monsoon is highly uneven and erratic. Floods, drought and cyclones occur often with varying intensities. Climate variability and change is likely to adversely affect the agrarian state in the coming decade as evidenced from few recent studies. An analysis of temporal variation in monthly, seasonal and annual rainfall over the state during the period from 1871 to 2006 revealed a long term insignificant declining trend of annual as well as monsoon (June-September) rainfall, and an increasing trend in postmonsoon season (October-November) in the state. However, analysis also shows a decreasing trend in monthly rainfall in of June, July and September, and an increasing trend in August more predominant in the last 10 years (Patra et al. 2012) . Further, rainfall analysis also showed an increased number of dry 1 years compared to wet years after 1950. Similarly, analysis by Tanner et al. (2007) shows that after 1961, the rainfall patterns are below the normal, suggesting a drier spell in Odisha. The state is already experiencing decreasing rainfall in some parts of the year (Mahapatra and Mohanty 2006; Patra et al. 2012) . Likely impacts of climate change in Odisha shows possibility of an increase in hydrologic extremes (Ghosh and Majumdar 2006) including increasing probability of severe and extreme droughts (Ghosh and Majumdar 2007) .
The study districts i.e. Balangir and Nuapada are located in the western part of Odisha and are among the drought prone districts of the country (PACS 2008) . The study district Balangir is located in the West central table land zone of Odisha. The district receives a normal annual average rainfall of 1443.5 mm. The other study district Nuapada adjoins Balangir district to the west and is itself the furthest central west district in Odisha. The selection of villages was based on the statistics available at the block 2 offices on worst drought affected areas and discussions with the agricultural personnel and visits to prospective villages for cross-checking the obtained information. Finally, four villages i.e. Budibahal and Rengali village from Khaprakhol block in Balangir district and Khamtarai and Kirkita village from Khariar block in Nuapada district were selected for the in depth household survey. A structured questionnaire was used to collect the relevant indicators on climate change perception at household and village level. A map of the study region is provided in Fig. 1 below.
Household survey was conducted in the four villages during January-May in 2011. Stratified random sampling method was used to choose the households on the basis of large, small, medium and marginal 3 farmers in the villages and sample size of 183. The household level questionnaire elicited information on socio-economic aspects of the households, climate change adaptation strategies at the household level, barriers to 1 When the rainfall is greater than one standard deviation from mean rainfall of that decade, it is considered as a wet year and dry if less than one standard deviation from mean. 2 Block is an administrative unit below the district.
3 For our purpose farmers were categorized into four land holding groups according to their operational land area under cultivation, i.e. marginal-(\2.5 acre), small (C2.5-\5 acre), medium (C5-\10 acres of operational holdings), and large (C10 acres and above). adaptation and their perceptions on different climate variables. The study also conducted four separate FGDs to examine the perception on traditional prediction systems and their use, anomaly in rainfall patterns and barriers to adaptation. FGDs were conducted with 20-25 farmers in each village with up to 10 female participants in each group. For the group discussion farmers were chosen to represent all categories of farmers (i.e. Marginal, small, medium and big) according to land holding size, landless farmers, woman headed farming households and local leaders of farmer's organizations. All the FGDs were moderated by survey team to bring out a balanced view on the perception form the group. The study used both household level data and results from FGDs to analyze perception on climate change, barriers to adaptation and compared rainfall data from the two nearest meteorological stations to compare it with the farmers' perception. However, due to lack of continuous data, meteorological stations were selected according to the availability of data for a longer time period and representativeness of the study region. Both the stations were located within the 20°latitude, having similar climatic conditions as described in the Table 1 . India is largely subjected to four seasons: winter (January and February), premonsoon (March-May), a monsoon (rainy) season (June-September), and a post-monsoon period (October-December). Similarly the crops are broadly divided into three categories, namely Kharif, Rabi and summer crops. The Kharif season starts from June and ends in September. The Rabi season is during October to February and the summer season is between March and May).
The rainfall data was available for at least one nearest meteorological station with 30 years of continuous data for each district. Accordingly, the chosen rainfall stations were Balangir and Komana for Balangir and Nuapada district respectively. All the data were collected from the Indian Meteorological Department, Pune, India letter dated 7/24/2009. Further, the data for few parameters such as number of rainy days were not available for same period as rainfall data, so the study used whatever data was available for each station (Table 1 ). The data set was constrained by lack of most recent available data; the latest available year was 2005. A map of the study blocks and meteorological stations have been provided in the map below (Fig. 2) . 
Methods
Rainfall data was analyzed for trend detection, and for cross verification both parametric and non-parametric statistical procedures have been used for yearly and season-wise rainfall data. Parametric tests such as t test, regression coefficients and non-parametric tests such as Mann-Kendall test and Sen's slope test for trend analysis have been used. Rainfall characteristics like, mean, standard deviation (SD), coefficients of variation were computed for monthly and season-wise. Mann-Kendall (MK) test was used for trend detection. It is a non-parametric model and was complemented with Sen's slope estimation to determine the magnitude of the trend. To identify the trend in the climatic variables with reference to climate change the Mann-Kendall (MK) test has been used by many researchers with rainfall and temperature data (Taylor and Loftis 1989; Yu et al. 1993; Xiong and Guo 2004; Basistha et al. 2009; Longobardi and Villani 2009) . The paper used Mann-Kendall test and also parametric test linear coefficients to examine the trend in climatic variables.
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Results
The results of the analysis have been described in two parts. First, the results of the rainfall data analysis have been presented followed by the results of perception analysis at the household and community level. An analysis of the two meteorological stations revealed the following:
1. The mean annual and monsoon rainfall for Balangir and Komana station is 1336.76 and 1253.32 mm respectively and the coefficient of variation of monsoon season for Balangir station is low compared to Komana. Trend analysis of rainfall data reveals that while there is no statistically significant declining or increasing trend in rainfall pattern in Balangir station, a statistically significant increasing trend of rainfall for the month of April and a decreasing trend for the month of September was identified in Komana station. Seasonal rainfall analysis shows that although there is a decreasing trend in rainfall in annual and monsoon season, however, it is not statistically significant for both the stations. The trends of rainfall have been depicted in Fig. 3 above. (S2: Table 1 ) 2. Number of rainy days and rainfall per rainy day in a year are also important indicators to analyze the rainfall pattern of a region. A rainy day is defined by the Indian Meteorological Department (IMD) as a day with more than 2.4 mm rainfall. Rainfall per rainy day is important because the amount and timing of precipitation strongly influence crop growth in sub humid areas such as ours are typically characterized by short, dry periods. Depending on the available water storage capacity of soils and the crop rooting depth, water may be needed for short periods during the growing season in these areas. Any changes in the timing and amount of the rainfall amount can hamper the growth of crops. Rainfall per rainy day was calculated by dividing total rainfall in a month with the number of rainy days in that month as mentioned below. The results of the trend analysis and comparison between two periods for number of 1958 1960 1962 1964 1966 1968 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2002 2004 PrecipitaƟon ( Tables 2 and 3 respectively.
Rainfall per rainy day ¼ Total monthly rainfall on rainy days in month I Number of rainy days in month I
The results show that there has been no statistically significant increasing or decreasing trend in the number of rainy days in any of the stations. However, the absolute number of rainy days in case of Nuapada district was slightly lower than the Balangir district in both annual and in monsoon season. In case of both the stations statistically non-significant negative trends were observed in annual data for MannKendall test. Linear regression did not show any significant increasing or decreasing trend in case of number of rainy days. 3. The results of trend analysis of rainfall per rainy day have been mentioned in the 
Ethnoclimatology in the study region
Local weather forecasting provides information to farmers who seek to reduce climate risks in different agricultural practices. Weather and climate information can be available from two sources: meteorological weather forecast from local or regional institutions and indigenous knowledge based weather forecast. These information can help farmers in minimize risks of crops loss and maximize opportunities during favorable conditions. Ethnographic and participatory methods have been widely used to investigate the local climate forecasting knowledge (Rancoli 2006; Orlove et al. 2002) . Initial discussion with the farmers in the study region brought out the issue of local forecasting as an important tool for the farmers to deal with climate risks. To elicit the information on the most commonly used indicators to predict climatic variables, the study noted down the traditional rainfall indicators from group discussion and the most widely used indicators accepted by majority of the members in the FGDs were finalized (S2: Table 2 ).Farmers in the study region use different kinds of indicators mainly based on the recognition of the unique situation through observing trees, clouds, birds and animals based on generations of experience. Although validating the indicators was beyond the scope of the paper, farmers' mentioned that they have been using these indicators for predicting rainfall since many decades along with a local calendar known as 'Panji' based on the lunar movement. However, concerns were raised over the usability of these indicators in the last two decades. To further, examine the perception on traditional prediction system, the study asked whether the indicators are still relevant and if not what the current sources of climate information for the farmers in the study region. The responses at the household level have been mentioned below in Fig. 4 . It was observed that while 67 % of the respondents in Nuapada district mentioned that traditional prediction system is going wrong, only 40 % of farmers believed that in case of the Balangir. Further, questions were also asked on the available weather information and its sources (Figs. 5, 6 ). Results suggest that while in Balangir district there are less percentage of households who receives information on climate from any sources (64.13 %) as compared to Nuapada district (75 %). Weather information from radio and the traditional calendar 'Panji' 4 came out to be the most important source followed by community as in the both districts. Although radio provides some climate information on a limited basis for agricultural purposes none of the respondents mentioned about any weather forecasting information from the government departments and officials or local agricultural extension agents pointing towards lack of infrastructure on weather services in the region for agricultural sector. The analysis on local climate knowledge and access and availability to weather information in the study region reveals that despite important scientific advances in availability of seasonal forecasting farmers have not experienced any benefits to reduce climate risks by using these climate services. Provision of weather and climate information services is an important tool in adaptation for vulnerable farmers in the face of weather fluctuations. With larger and targeted institutional support for climate services, the farmers in the study region can improve their potential to make informed decision. Results of actual rainfall trends were compared with the perception of the respondents on climate change, trends in the mean temperature, mean rainfall, number of rainy days, frequency of droughts and pests. When asked about their overall perception on changing climate (Fig. 7 ) most of the farmers didn't understand the term climate change and global warming, they could only able to comprehend about the changing weather patterns in the last 30 years. The results shows that while as much as 85 % of the respondent in Balangir district believes that climate has changed, the perception was less pronounced among farmers in Nuapada district where only 68 % of the farmers believes that climate has changed and as many as 29 % did not had any opinion on that. However, results at the household level indicated that in both the districts people observed that mean temperature is increasing and mean rainfall in decreasing over the years (Fig. 6) . Respondents also believes that the frequency of droughts and pest attacks have increased with the pest attacks more pronounced among farmers in Nuapada district where almost 90 % of the respondents feel that it has increased as compared to Balangir district (64 %).
Monsoon rainfall is the most important season for farmers in the study region for agriculture and research indicates that monsoon rainfall has become more intense during the last half of the twentieth century and droughts having more impact on agriculture (Ramanathan et al. 2005; Dash et al. 2007; Ramesh and Goswami 2007) . It was essential to bring out farmers' perception on monsoon rainfall. This study conducted four FGD separately in the four villages to bring out the common perception of farmers on the changing monsoon pattern (S2 : Table 3 ). In all the four FGDs farmers' mentioned that that there has been no regular seasonal rainfall and increasingly they are more dependent on the low pressure rainfalls to begin their farming activities during monsoon. Farmers perceived that the rainfall pattern has changed in recent decades and the government declaration of drought is not suitable as it is based on the total amount of rainfall without taking into account timing of rainfall.
One farmer mentioned ''we are facing half drought every year; even if the rain is coming it carries no value for us as it is not timely and we don't get rainfall at the right stages of crop production''.
Farmers' perception about lack of uniformity in rainfall pattern and the untimely heavy rainfall during monsoon season has been noted by research in India (Grothmann and Reusswig 2006; Dash et al. 2009 ). It is interesting to note that farmers' perception on erratic distribution of rainfall has been mentioned by the study of Banerjee (2015) in other Indian states also. Apart from that, farmers also mentions about increasing frequency of pest attacks, late sowing window for rice as compared to earlier days, low Rabi crops production and increasing cost of pumping water from ponds and rivers needed at the crucial time of crop production. 
Rainfall observation and farmer's perception
Firstly, while most of the farmers observed that rainfall is decreasing in both the districts, the rainfall data analysis however does not seems to fully corroborate with farmers' observation in both the stations. Farmers 'perception are closer to rainfall data analysis results in the Komana station in Nuapada district as compared to Balangir station. As compared to perceptions actual rainfall data does not show any statistically significant declining trend in both the stations although the trend is negative. However, statistically significant declining trend was found for the month of September in Komana station which might have an influence in people's perception about declining monsoon rainfall in Nuapada district. This observation was again supported in the group discussion where people believe that the rainfall in August and September is decreasing according to the traditional rainfall calendar. The perception on declining rainfall might also have been influenced by the phenomenon of half drought due to untimely rainfall mentioned in all the FGDs. Secondly, while farmers' observed that number of rainy days has decreased, there is no statistically significant decreasing trend in actual rainfall data. But, there has been a decreasing trend in rainfall per rainy day in Komana station in both annual and monsoon rainfall similar to the findings of group discussions. However, a study by Mahapatra and Mohanty (2006) on trend analysis in Odisha also shows that there are significant decreasing trends in rainfall and number of rainy days over some parts of Southwest Orissa during June and decreasing trends in rainy days over some parts of north interior Orissa and central part of coastal Orissa during July over the period of 1980-1999. The study districts in this case belongs to southwest of Odisha. Analysis of farmers' perception indicates that while farmers' perceptions are similar to the actual rainfall analysis in Komana station in Nuapada district, it is not similar with the results from Balangir district. It is interesting to note here that, many existing studies have found discrepancies between perception and actual rainfall data (Meze-Hausken 2004; Simelton et al. 2013) . Study by Simelton et al. (2013) in suggests that sometimes farmers tend to state a more recent timing for changes than the meteorological data show. However, studies have also argued that the perception by people simply cannot be wrong because they may have a just a low correlation with underlying meteorological data (von Storch 1995) . Further, perception on meteorological events might also be influenced by the vulnerability of people and the impact they faced (Wilhite and Glantz 1985) . In this case, the discrepancies between perception of people on rainfall and actual data in Balangir district might also be due to the fact that the rainfall station of Balangir (64 km) is in more distance from the study sites as compared to the rainfall station in Nuapada (25 km) district.
Barriers to adaptation
Discussions on climate change perceptions were accompanied by discussion on barriers to adaptation in the study region. Barriers to adaptation have been defined as the conditions or factors that render adaptation difficult as a response to climate change (Nielsen and Reenberg 2010). Existing studies have already identified various socio-economic as well as psychological, financial, institutional, information and technological barriers in adapting to climate change (Jones and Boyd 2011; Bryan et al. 2009; Deressa et al. 2011; Gbetibouo 2009; Vincent 2007; Grothmann and Patt 2005; Grothmann and Reusswig 2006) . At both household and community levels it was observed that farmers' are highly likely to mix climate change adaptation barriers with other socio-economic development barriers if left open ended. Thus, barriers to adaptation at the household level were identified by asking three aspects of barriers to climate change adaptation i.e. access and availability of water resources, weather information and institutional factors. Barriers to adaptation at community level were identified from the FGDs and were combined into various common categories (S2 : Table 4 ).
Barriers identified at household level
In the drought prone regions of the world such as in this study region irrigation and water resource management plays a crucial role in climate change adaptation. Extrapolation of current trends suggest that irrigated areas will increase by 15-17 percent in 2050 compared to today, (FAO 2006) . In the face of irregular rainfall and lack of irrigation facilities it was expected in the study region that irrigation and lack of access to water resources would come out as an important barriers to adaptation. Analysis at the household level (Fig. 8) in both the districts reveals that lack of irrigation combined with lack of access to other sources of water such as common pond and water storage facilities were major barrier in adapting to the changing climate. While in the Balangir district 68 % of the respondent mentioned that lack of irrigation was a major barrier to adaptation in Nuapada district it was higher at 77 %. This finding is also supported by the farmers' perception on decreasing rainfall. In Nuapada district where higher percentage of the farmers believes that irrigation is a major barrier also shows a statistically significant decline trend in rainfall for the month of September.
The second category of barrier mentioned at the household level belongs to the lack of information on weather and adaptation. While in Balangir district around 32 and 17 % of the farmers' respectively feel lack of information on weather and climate change adaptation was a barrier, it was 18 and 39 % respectively in Nuapada district. The results supported our earlier finding that while in Balangir district only 64 % of the respondents mentions that they are receiving any type of weather information (Fig. 5) around 32 % of the respondent feel lack of information on weather is a barrier to adaptation. In Nuapada district however where, a higher percentage of people receives (74 %) weather information, only 18 % people feel lack of information as a barrier. Adger et al. (2009) , suggest that information and awareness on climate change could potentially serve as barrier to successful implementation of adaptation practices. However, only receiving weather information is not sufficient to translate that into use in agricultural practices because climate information provided for seasonal forecasts may not be useful in long-term planning of agricultural activities (Ziervogel et al. 2010) . When asked about the use of climate information the results reveal that farmers in the study region know very little about the use of climate information and there is no source for them to know how to use these information and forecasts for agricultural activities. The findings suggest that farmers in the study region use the limited weather information only for changing the planting dates and still very less to choose the right crop to deal with climate change. Earlier findings (Fig. 6 ) suggest that none of the farmer in the study region mentioned about receiving weather information from the government institutions and more than 70 % of the respondents feel lack of government support as a major barrier to adaptation. Being a drought prone region providing early warning system and weather information can be critical in enabling farmers to deal with climate change. Lack of access to credit was also mentioned as another barrier to adaptation at the household level. Nearly 25 % of response in the both the districts perceived it as a barrier to adaptation.
Barriers identified at the FGDs
In addition to understanding barriers to adaptation at the household level, FGDs also focused on the barriers to adaptation at the community level. The FGDs started with understating and discussion various broad categories of enabling conditions that will help farmers in adapting better to the changing climate and then the discussion focused on the barriers towards adaptation as mentioned by farmers. Across the FGDs the results found five important adaptation actions that farmers feel will improve their adaptive capacity i.e. changing crops and variety, water storage and conservation practices, soil conservation practices, livestock diversification and crop insurance. Changing crops and variety according to the changing climate has been recognized as an adaptation action in various studies (Deressa et al. 2011; Bryan et al. 2009; Below et al. 2012) . However, farmers mentioned that there is a lack of information and availability of drought resistant crop varieties. Further, the role traditional millets were emphasized as one of the biggest loss to them in recent years. Farmers believe that millets (Finger millet (Eleusine coracana); Little millet (Panicum miliare); Kudo millet (Paspalum scrobiculatum); millet (Panicum frumentaceum) used to help them fighting with drought and food insecurity in earlier days because of less water requirement, short duration and suitability in uplands. However, due to lack of marketing facilities and availability, the cultivation of traditional millets has decreased drastically over the years in the study region. Many farmers mentioned that vegetable cultivation can be an important adaptation strategy for them but it was constrained by lack of labor and water in the region. The second important barrier as perceived by farmers is the lack of water conservation and storage practices in the region. Farmers observed that there is a lack of support from the government to renovate the existing water bodies in the area and lack of financial resources among farmers to renovate those water bodies themselves. Farmers in the study region are mostly marginal farmers having less land then 2.5 hectare. Lack of land was also cited as one of the important constraints in building small water bodies to fight with regular droughts and water shortage in the area.
One farmer mentioned ''it is time for us to follow Andhra Pradesh (neighboring state) where a lot of farmers are using bore wells and are able to get good harvest even during drought years, however it is very expensive and we don't have money to buy electricity for bore well, so sometimes we buy water from other few rich farmers who have few bore-well in our village''.
Farmers in the group discussion mentioned that decreasing soil quality in the region is and impediment in adapting to climate change. Lack of organic manure, lack of labor, credit and lack of scientific knowledge are among the major reasons mentioned leading to decrease in soil quality. Focus groups believed that livestock diversification is very important to support their income. However, farmers mentioned that there livestock is no longer viable for them because of lack of grazing land and lack of agricultural laborers to take care of the livestock.
One farmer mentioned ''a lot of people earlier used to have at least 4 to 5 cows or buffalo, however over the years due to lack of grazing land and labor it is no longer viable and we have now only one cow or buffalo per household in the village for minimum help in agriculture''.
The third important barrier mentioned was the lack of proper insurance facilities for their crops, farmers mentioned that even if there are insurance facilities, they are complicated and most of the farmers lack the information and knowledge to understand the use of it fully. Although the state of Odisha has introduced both traditional as well as weather index based crop insurance, farmers are yet to avail any benefits of that. One common consensus on crop insurance facility was the complicated process for the farmers to understand it added with the already existing low level of education in the study region.
Conclusion
The paper tried to connect the local perception of people on climate variability, rainfall patterns, traditional rainfall prediction system and barriers to adaptation in a drought affected region. Our analysis shows that farmers are aware of the changing climate in the region. When perceptions were contrasted with actual rainfall data from the two nearest meteorological stations, results showed that what farmers perceived was close to the results of rainfall data analysis of the nearest station. However, there were discrepancies when perceptions were compared with the rainfall data analysis from the station which was far from the study villages in terms of distance. Results suggests that farmers perception are more likely to be similar with actual data analysis from the nearest rainfall stations suggesting towards the need to be more cautious while interpreting farmers perception at a larger geographical level and comparing it with actual rainfall data. The study also analyzed the farmers' adaptation to climate variability and found that farmers are already adapting to the changing climate. However, it was also clear from the findings that there are various barriers to adaptation in the study region. The most important were the lack of access to water and irrigation facilities, lack of information on climate change adaptation at the individual level and various institutional barriers at the community level. The present study suggest for a better planning at the local level to deal with the risk arising due to climate variability and change at the household and community level. However, although much care has been taken in exercising the FGDs in the study region, there are limitations to focused group research. The results are mostly exploratory. Lack of temperature data at the station level and more long term data for rainfall covering more meteorological stations constrained to broaden the analysis of farmers' perception with various other climatic parameters.
